The roles of dendritic spine shapes in Purkinje cells.
Shapes of dendritic spines are changed by various physiological or pathological states. The high degree of spine shape heterogeneity suggests that they would be the morphological basis for synaptic plasticity. An increasing number of proteins and signal transduction pathways have recently been shown to be associated with structural modifications of spines. Here, we review the possible functional roles of spine shapes in cerebellar Purkinje neurons. Several studies have suggested that spine shapes in Purkinje cells are regulated by both intrinsic and environmental factors, and different spine shapes could have significantly different consequences for brain function. Clearly constricted necks observed in thin, mushroom-shaped, and branched spines serve for compartmentalization of calcium and other second messenger molecules, influencing different signaling mechanisms and synaptic plasticity. Mushroom-shaped spines frequently have perforated postsynaptic density and the area of the spine head is much larger than simple spines, implying that membrane dynamics and receptor turnover are occurring. Branched spines might form additional synapses with afferent inputs resulting in the modification of neuronal circuits. Taken together, all these studies suggest that each spine shape is likely to have a distinct role in Purkinje cell function.